Preclinical and retrospective studies showed that β-blockers inhibit angiogenesis and disrupt migration of melanoma cells via inhibition of noradrenalinedependent responses.
E pidemiological and clinical studies have linked psychosocial factors such as chronic stress and depression with cancer progression and, to a lesser extent, cancer onset. [1] [2] [3] The results of experiments conducted in vitro confirm the assumption that stress is a cofactor in melanoma progression. 4 Moreover, preclinical studies have
shown that β-blockers and propranolol in particular inhibit angiogenesis and disrupt migration of cancer cells via inhibition of noradrenaline-dependent responses. [5] [6] [7] The first article describing the use of β-blockers in patients with melanoma was published by De Giorgi et al. 8 In this study, after a median follow-up of 2.5 years, 34% of patients not using β-blockers had evidence of disease progression, while only 3% of those who used β-blockers (administered for other diseases) at the time of diagnosis showed melanoma progression. Thus, we conducted a prospective study in patients with melanoma in our center to compare those treated with propranolol for off-label use with those not treated. We designed 2 cohorts of patients with stage IB to IIIA melanoma, for whom no standard treatment is available, to verify the role of off-label propranolol on melanoma recurrence and mortality. Propranolol was chosen among the nonselective β-blockers because it has been shown to exhibit anticancer effects in cancer cell lines, animal models, and in the majority of studies published in the literature. In addition, the recent observation that propranolol successfully treated cases of infantile hemangioma 9 and simultaneously reduced vascular endothelial growth factor levels further supported our decision to use a nonselective β-blocker for this off-label treatment.
Methods
We conducted a prospective cohort study in patients with cutaneous melanoma at the Department of Dermatology at the University of Florence, Italy, between January 1, 2011, and April 1, 2013. This study was approved by the ethics committee of the Local Health Unit 10 (Florence, Italy). Patients older than 18 years with histologically confirmed stage IB to IIIA cutaneous melanoma and no evidence of metastasis or contraindication to propranolol use were eligible to participate in the study. Thus, at the time of diagnosis, after the patients signed informed consent, they were asked to take propranolol (80 mg daily) as an off-label adjuvant treatment. Patients who accepted the treatment protocol were considered part of the propranolol cohort (PROP). Those who refused the treatment protocol but agreed to participate in the study as a control group were considered part of the nonpropranolol cohort (No-PROP) (eTable 1 in the Supplement). The physician performed a complete physical examination, including measurement of body weight, blood pressure, pulse rate, and echo cardiogram, to assess the general health of the study participants. We collected updated information about the health status of the participants and used imaging and physical examinations to evaluate signs of melanoma recurrence during routine follow-up visits, as outlined in the protocols currently in use (about every 4 months). Treatment was discontinued in cases of confirmed disease progression as determined by the modified World Health Organization criteria, or in cases of adverse events. Study participants were able to withdraw from the study at any time. Disease progression was assessed by evaluating the presence of lymphatic, in-transit, or visceral metastases, and the cause of death was recorded.
Statistical Analysis
As an exploratory trial, we calculated that a minimum of 53 patients (34 in the control cohort and 19 in the treatment cohort) would allow us to detect a 65% reduction in the risk of melanoma recurrence in the PROP vs No-PROP group with 86% power at a .05 significance level. Median values, the interquartile ranges, frequencies, and results from nonparametric tests (Wilcoxon signed-rank tests or χ 2 tests) were used to present and analyze the differences in characteristics between the PROP and No-PROP groups. Time to death and time to recurrence were defined as the time from surgery until the event of interest. All patients alive or free of disease at the last follow-up date were considered right censored. Survival curves were estimated by the KaplanMeier method and comparisons between the groups were carried out by log-rank tests. Cox proportional hazards models were used to assess if propranolol use was independently associated with events, adjusting for prognostic factors. Statistical tests were 2 sided. Analyses were performed with SAS software, version 9.2 (SAS Institute).
There were significantly more cases of ulcerated melanoma in the PROP group, which presents a greater risk of disease progression. There were no adverse events in the PROP group. After a median follow-up of 3 years, 14 patients in the No-PROP group (41.2%) showed disease progression, while only 3 patients in the PROP group (15.8%) had evidence of disease progression. In the No-PROP group, 6 patients (17.7%) died, 5 of them due to melanoma, while 2 patients (10.5%) died in the PROP group, with 1 death attributed to melanoma. When time to progression was analyzed, a logrank test showed an improved disease-free survival for the PROP group (89% vs 64% at 3 years; P =.04) (Figure 2 ). Cox models adjusted for age, Breslow thickness, and ulceration confirmed that use of propranolol at the time of diagnosis was significantly inversely associated with recurrence with approximately an 80% risk reduction for propranolol users (hazard ratio, 0.18; 95% CI, 0.04-0.89; P = .03) (Table) . The association between use of propranolol and overall survival was not statistically significant.
Discussion
In the absence of randomized, double-blind, placebocontrolled clinical trials, this study is the first off-label prospective study to our knowledge of propranolol for melanoma treatment. These results provide the basis for larger trials of longer duration to measure the clinical efficacy of propranolol.
These results support our previous observation that β-blockers protect patients with thick cutaneous melanoma from disease recurrence and death. In fact, after only 3 years of treatment, disease progression was observed in 41.2% of the patients in the untreated cohort compared with only 15.8% in the propranolol cohort. The multivariate Cox model found a significant reduction in the risk of recurrence of melanoma of approximately 80% (hazard ratio, 0.18; 95% CI, 0.04-0.89; P = .03). This result is important because in the propranolol cohort histopathological examinations showed a greater number of cases with ulceration, which is considered a poor prognostic factor. Even overall survival, although not significant, showed a trend toward decreased mortality in the propranolol group after 3 years of follow-up.
Furthermore, this study is the first we know of to evaluate the administration of a β-blocker to patients as adjuvant therapy at the time of diagnosis of melanoma. To date, the medical literature on melanoma and β-blockers (administered for other diseases) has consisted of published reviews or observational studies.
Limitations
Our study has several limitations. It is a prospective study with a small sample size, though 14 patients (41%) experienced recurrent events in the untreated cohort of patients. In addi- tion, given the study design, a risk of selection bias cannot be excluded. However, the 2 cohorts of patients (propranolol and untreated cohorts) had similar baseline demographics and clinical characteristics except for the greater prevalence of ulceration in the propranolol cohort. Finally, the short follow-up did not allow us to have enough statistical power to observe an effect on mortality.
Conclusions
The development of randomized placebo-controlled clinical trials is necessary to clarify a definitive role for β-blockers in protecting against the risk of progression of melanoma and to potentially identify the receptor subtype involved in the protective effect.
